Abstract. According to phylogenetic analyses of nrDNA ITS1 and ITS2 sequences (including the 5.8S unit) Plagiochila, with more than 1,600 binomials (Inoue 1989) and an estimated number of 400-450 species worldwide (So & Grolle 2000) , is the largest genus of hepatics. Attempts to structure Plagiochila (e.g.,
Plagiochila, with more than 1,600 binomials (Inoue 1989) and an estimated number of 400-450 species worldwide (So & Grolle 2000) , is the largest genus of hepatics. Attempts to structure Plagiochila (e.g., Carl 1931; Inoue 1958 Inoue , 1965 Inoue & Schuster 1971; Lindenberg 1839 Lindenberg -1844 Schiffner 1901; Spruce 1884 Spruce -1885 led to the description of more than 80 subgenera, sections, and subsections. Most of these subgeneric units were based solely on gametophytic features such as leaf shape and leaf position, leaf cell pattern, as well as shape and position of the perianths, and comprise only a few taxa each. Recent attempts to subdivide the genus consider both gametophytic and sporophytic features (e.g., Inoue 1984; Müller et al. 1999) , as well as secondary metabolites (Anton et al. 2000; Heinrichs et al. 2000a) , and often lead to a reduction of subgeneric units. Although analysis both of gametophytic and of sporophytic material (e.g., Heinrichs et al. 2000a; Müller et al. 1999) increased the number of taxonomically informative characters, the number of morphological features is limited. Sporophytes and secondary metabolites of many Plagiochila species are still unknown and a satisfactory sectional placement of these species is often impossible.
Carl placed P. trichostoma Gottsche and P. subtrinitensis Herzog (ϭ P. deflexa Mont. & Gottsche, this study) in his P. sect. Superbae, alongside species subsequently noted to have a capsule wall epidermis without wall thickenings (Heinrichs et al. 2001b) . Sporophytic material of the former two species became available during the course of our study of Neotropical Plagiochilae, and the details observed cast doubt on Carl's sectional assignment of both species.
The Neotropical Plagiochila moritziana Hampe was collected only a few times in the 19th Century and only gametophytic material is available. Carl (1931) placed the species in his sect. Caversiae (ϭ sect. Fuscoluteae Carl; , containing species notable for the occurrence of leaf surface waxes (Heinrichs et al. 2000b ).
Ingo Holz collected fresh material of P. moritziana in Ecuador and recognized a distinct odor of peppermint in the species. Similar observations are well known from Plagiochila rutilans Lindenb. (Heinrichs et al. 2001a; Huneck et al. 1984; , type species of P. sect. Rutilantes Carl. In this paper we analyze the phylogenetic relationships of P. trichostoma, P. deflexa, and the Plagiochila rutilans complex, based on nucleotide sequence variations in the internal transcribed spacer regions of nuclear ribosomal DNA, lipophilic secondary metabolites, and morphological features. The investigation expands a first study of nrDNA ITS sequence variation of members of sect. Arrectae Carl, Cucullatae Schiffn., Contiguae Carl, and Glaucescentes Carl (Heinrichs et al. 2002) .
MATERIALS AND METHODS
Morphological studies. Using traditional microscopic techniques, we examined herbarium specimens from the herbaria B, BM, C, FH, FLAS, G, INB, JE, LPB, MANCH, M, MO, NY, PC, S, SAAR, U, US, and W and fresh material collected in Bolivia (1997 Bolivia ( , 2000 , Costa Rica (1999 Rica ( , 2000 , and Ecuador (2001). S.E.M. study of the leaf surfaces of P. moritziana Ecuador) , P. rutilans var. standleyi (Carl) J. Ecuador) , P. deflexa (specimen Heinrichs et al. 4160, Costa Rica) , and P. trichostoma (Heinrichs et al. 4323 , Costa Rica) was performed as described in Heinrichs et al. (2000b) .
Phytochemistry. The lipophilic secondary metabolites of P. moritziana , Ecuador), P. rutilans var. standleyi Ecuador) , and P. trichostoma (Heinrichs et al. 4323 4324, Costa Rica) were determined using GC-MS and/or NMR profiling of deuterochloroform extracts (Rycroft 1996 (Rycroft , 1998 .
DNA extraction. Material to be sequenced (Table 1 ) was carefully cleaned before drying. Upper parts of shoots were preserved over silica gel prior to extraction of genomic DNA using PUREGENE Genomic DNA Isolation Kit (Gentra Systems).
PCR amplification, cloning, and sequencing. The PCR primers P1 (5Ј-TGT ACA CAC AAT GCA GCA AAC CAG CG-3Ј) and P2 (5Ј-CGG GTA ATC TTG CCT GAT CTG AG-3Ј) were used to amplify the internal transcribed spacer (ITS) of the ribosomal DNA that encompasses the 5.8S gene and both the ITS1 and ITS2 regions. Amplification by the polymerase chain reaction (PCR, Saiki et al. 1988 ) was performed in a total volume of 50 l containing 2U Taq-DNA-polymerase (Promega, Heidelberg, Germany), 5 l Taq polymerase reaction buffer (Promega), 4 l 25 mM MgCl 2 , 4 l dNTP-Mix (2.0 mM each, MBI Fermentas, St. Leon-Rot, Germany), one l of each of the two primers and one l of the genomic DNA (100-500 ng). The reactions were performed in 32 cycles under the following conditions: 40 sec. denaturation at 94ЊC, 30 sec. annealing at 54ЊC, and 40 sec. elongation at 72ЊC-using hot-start-PCR with 10 min. of denaturation at 94ЊC before adding the Taq at 80ЊC. Finally there were 10 min. of elongation at 72ЊC.
PCR products were cloned into the pCR4-Topo Vector (Invitrogen) following the TOPO TA Cloning Kit manufacturer's protocol and transformed into TOP10 Chemically Competent Escherichia coli DH5␣ by the heat shock method (Sambrook et al. 1989) . Sequencing was done on an LI-COR DNA Sequencer Long Reader 4200 using the thermo Sequenase fluorescent labelled primer cycle sequencing kit with 7-deaza-dGTP (Amersham Pharmacia Biotech, Little Chalfont, England).
Phylogenetic analyses. Phylogenetic trees were in-ferred using distance (neighbour joining; NJ), maximum parsimony (MP), and maximum likelihood (ML) criteria using PAUP* version 4.0b8 (Swofford 1998 ). An alignment of 19 nrDNA ITS1-, 5.8S-, and ITS2-sequences of Herbertus subdentatus and 17 taxa of Plagiochila (Table  1) with 828 aligned positions was used as the data set (alignment available from J.H.). To decide on the evolutionary model that fits the data best, the program Modeltest 3.04 (Posada & Crandall 1998) was used that employs two statistics: the likelihood ratio test (LRT) and the Akaike information criterion (AIC, Akaike 1974) . Based on the results of the tests, the model selected by the hierarchial LRT was the HKY85 model (Hasegawa et al. 1985) with gamma shape parameter (G) for among site variation calculated from the data set (HKY85 ϩ G). The ML method (with the HKY85 ϩ G model) was used for phylogenetic analyses. The confidence of branching was assessed using 100 bootstrap resamplings in ML-analysis (using the HKY85 ϩ G model) and 1,000 bootstrap resamplings in distance (neighbour joining method using the HKY85 ϩ G model) and unweighted MP (with 10 addition-sequence replicates) of the data set (Felsenstein 1985) .
User defined trees were generated by modifying the tree file of the ''best tree'' ( Fig. 1 ) using TreeVIEW (version 1.6.2, Page 1996) . To compare user defined topologies with the ''best tree'', the sequence data file was loaded into PAUP* and used for Kishino-Hasegawa-tests (KH, Kishino & Hasegawa 1989) ; comparisons [KH tests using bootstrap (1,000 replicates) with full optimization, onetailed test] were based on ML (model of evolution selected by Modeltest) and MP criteria (Table 2) .
RESULTS AND DISCUSSION
Morphology (see also TAXONOMIC TREATMENT). Plagiochila rutilans (type species of P. sect. Rutilantes), P. rutilans var. standleyi, P. moritziana, P. deflexa, and P. trichostoma agree in the form of the androecia, perianth shape, and position of the female bracts. Furthermore, P. rutilans (Heinrichs et al. 2001a: Figs. 4 and 5) , P. trichostoma (Fig. 3) , and P. deflexa (Fig. 5) show a remarkably high degree of similarity in sporophytic features, leading to the hypothesis of a close relationship. Carl (1931) placed P. deflexa (as P. subtrinitensis) and P. trichostoma in sect. Superbae Carl (nom. illeg.) , containing species with a capsule wall epidermis without wall thickenings (Heinrichs et al. 2001b ). However, both P. deflexa and P. trichostoma have epidermal capsule wall thickenings, throwing doubt on Carl's (1931) sectional placement.
Sporophytes of P. moritziana are still unknown. Carl placed P. moritziana in his sect. Caversiae. Heinrichs and Gradstein (1999) treated sect. Caversiae as a synonym of sect. Fuscoluteae Carl, and Heinrichs et al. (2001b) demonstrated that the Fuscoluteae are distinguished by the presence of leaf surface waxes. S.E.M. study of the leaf surface of P. moritziana (as well as of P. rutilans var. standleyi, P. deflexa, and P. trichostoma) revealed no trace of wax. Thus, assignment to sect. Caversiae (Carl 1931 ) seems inappropriate and placement within sect. Rutilantes probable.
Phytochemistry. The lipophilic compounds (deuterochloroform extract) of P. moritziana are broadly similar to those of P. rutilans s. str. The six most abundant compounds are (in parentheses: % w/w extracted from : pulegone (3), terpinolene (0.6), ␤-phellandrene (0.2), limonene (0.2), bicyclogermacrene (0.1), and menthone (0.1). Peculiaroxide (0.05) and 2-methoxy-6-prenylhydroquinone (0.04) are less abundant than is generally the case in P. rutilans s. str. (Heinrichs et al. 2001a; .
Secondary metabolites of P. rutilans var. standleyi from Costa Rica were reported recently (Heinrichs et al. 2001a; . This taxon has now been found, new to South America, at an elevation of 1,000 m in the Podocarpus National Park near Zamora, Zamora-Chinchipe, Ecuador, and the lipophilic compounds in the deuterochloroform extract of a 20 mg sample of the gathering have been investigated. The five most abundant compounds are (in parentheses: % w/w extracted from Holz EC-01-499): 3-hydroxy-4Ј-methoxybibenzyl (6), limonene (2), ␤-phellandrene (1), ␣-terpinene (1), and bicyclogermacrene (0.2). The chemical profile is rather similar to those of the two Costa Rican specimens of var. standleyi investigated previously, but the amount of ascaridole observed in the Ecuadorian specimen (0.1 % w/w) is less. Neither peculiaroxide, spathulenol, nor fusicoccadiene was detected.
The three most abundant lipophilic compounds of P. trichostoma, based on GC-MS analysis of the deuterochloroform extract of Heinrichs et al. 4323 , are (in parentheses: GC-MS TIC relative integration): 4-hydroxy-3Ј-methoxybibenzyl (100), ␤-phellandrene (42; from NMR: 0.3 % w/w extracted from the liverwort), anastreptene (15). Spathulenol was present but peculiaroxide and fusicoccadiene were not detected. The proton NMR spectra of the extracts from Heinrichs et al. 4323 and 4324 were similar, but close-clustered signals at ␦2.85 and ␦3.78 prevented signal integration and quantification of 4-hydroxy-3Ј-methoxybibenzyl; these signals suggested the presence of large amounts of other compounds, not observed by GC-MS, containing methoxybenzyl moieties and possibly derived from 4-hydroxy-3Ј-methoxybibenzyl. A detailed chemical investigation of P. trichostoma has been undertaken by Anton (pers. comm.) .
The secondary metabolites of P. deflexa have been investigated by Anton et al. (1999; chemistry voucher: SAAR, Gradstein & Mues 5670, Costa Rica) , when the material had been determined to genus only; several bibenzyl and both cyclic and acyclic bisbibenzyl derivatives were reported. Hasegawa et al. (1985) with estimated gamma shape and transition/ transversion ratio (HKY85ϩG).
b Tree no. 1 (best tree) is identical with Fig. 1 ; modifications in use-defined trees no. 2-7 are indicated by following abbreviations:
Tree 2: Plagiochila fuscolutea (Pfuscol) as sister to Plagiochila rutilans var. moritziana (Pmoritz). Tree 3: Plagiochila rutilans var. moritziana (Pmoritz) as sister to Plagiochila fuscolutea (Pfuscol). Tree 4: Plagiochila superba (both specimen; Psuperba) as sister to Plagiochila trichostoma (Ptrichos). Tree 5: Plagiochila trichostoma (Ptrichos) as sister to Plagiochila superba (both specimen; Psuperba). Tree 6: Plagiochila superba (both specimen; Psuperba) as sister to Plagiochila deflexa (Pdeflexa). Tree 7: Plagiochila deflexa (Pdeflexa) as sister to Plagiochila superba (both specimen; Psuperba). c Difference in -log-likelihood between the best tree ( Fig. 1 ) and the user-defined tree. d Probability of getting a more extreme T-value under the null hypothesis of no difference between the two trees (one-tailed test).
e Difference in tree length between the best tree ( Fig. 1 ) and the user-defined tree. f -log-likelihood of best tree ( Fig. 1 ). g Length of the optimal tree in the maximum parsimony analysis. * User defined tree significantly worse than the best tree at p Ͻ 0.05.
← FIGURE 1. Molecular phylogeny of Plagiochila species based on ITS1-, 5.8S-, and ITS2-nrDNA sequence comparisons using 828 aligned positions. The rooted tree resulted from a maximum likelihood analysis of 19 sequences (including the outgroup sequence), using the HKY85 (HKY85 ϩ G; Hasegawa et al. 1985) model with estimated gamma shape (G ϭ 0.645) and transition/transversion ratio (Ti/Tv ϭ 1.638), calculated as the best model by Modeltest 3.04 (Posada & Crandall 1998) ; bootstrap percentage values (Ͼ 50%) were determined for maximum likelihood (using HKY85 ϩ G; bold), neighbor-joining (HKY85 ϩ G; bold italics) and unweighted maximum parsimony (not bold) methods.
Although only P. rutilans var. rutilans, P. rutilans var. standleyi, and P. moritziana exhibit an odor of peppermint, in other respects all five taxa show rather similar chemistry and are characterized by the presence of phenolic compounds (bibenzyl or prenylhydroquinone derivatives) rather than 2,3-secoaromadendranes (plagiochilines). This chemical affinity extends to members of sect. Arrectae , where the phenolic class of compounds is represented by bibenzyl, 9,10-dihydrophenanthrene and benzoic acid derivatives.
Sequence analysis. The molecular investigation (Fig. 1) produced a monophyletic lineage for P. rutilans, P. rutilans var. standleyi, P. moritziana, P. deflexa, and P. trichostoma. Plagiochila rutilans var. standleyi and P. moritziana are sister to P. rutilans var. rutilans. This finding requires reduction of P. moritziana to a variety of P. rutilans (see below). Plagiochila trichostoma and P. deflexa are placed at the base of the Rutilantes clade. A striking similarity is found in the ITS1 sequences of P. deflexa, P. trichostoma, and members of the P. rutilans complex. At the end of the ITS1 spacer, all five taxa lack a sequence of about 20 base pairs that is present in all the other members of Plagiochila sect. Arrectae, Contiguae, Cucullatae, Fuscoluteae, Glaucescentes, and Superbae investigated. Carl (1931) erroneously treated P. permista (type species of P. sect. Permistae) and P. trichostoma as distinct species; based on our results, we combine all five taxa in sect. Rutilantes and include sect. Permistae in sect. Rutilantes.
Placement of P. trichostoma and P. deflexa in sect. Superbae (Carl 1931) as well as P. rutilans var. moritziana in sect. Caversiae (ϭ sect. Fuscoluteae) is not supported by the molecular study: Plagiochila trichostoma/P. deflexa and P. superba as well as P. rutilans var. moritziana and P. fuscolutea are placed in different clades.
To evaluate the significance of the phylogenetic inferences, user-defined trees were created and used for KH tests ( Branches lacking or moderate in number, (near- thickenings often confluent at their base and partially coalesced. Spores 1(-2)-celled. Elaters 1-2(in middle, rarely, 3) spiral.
Distribution. Neotropics, Hawaiian Islands (P. deflexa). Gametophyte. Plants with odor of peppermint (fresh material), medium to large in size, (3-)5-15(-20) cm long and 4-8 mm broad, olive green to brownish green, becoming brownish in herbarium, in diffuse patches, with differentiation into short creeping stoloniform shoots giving rise to ascending or pendent leafy stems. Stems brown, near base ca 380-600 ϫ 320-450 m, dorsally moderately to widely exposed, ventrally widely exposed to completely covered by leaves, in transverse section ca 19-30 ϫ 16-26 cells across, the cortical cells in (2-)3-4(-6) layers, distinctly thick-walled, ca 14-30 ϫ 10-25 m, medullary cells thin-walled to slightly thick-walled, in transition zone to cortex sometimes moderately thick-walled, ca (16-)20-30(-35) ϫ (12-)18-26(-32) m, trigones small, triangular or lacking. Branches lacking to moderate, lateral-intercalary. Creeping stoloniform shoots partly beset with short leaflets, leaves of aerial shoots wide spreading or weakly bent to ventral side, in dry condition not or weakly inrolled, moderately, occasionally densely imbricate, on top of shoots and on weaker plants often remote, at least on main shoots and stronger branches with distinct ventral shoulder, occasionally weakly ampliate, triangular, elongate-triangular, or triangular-ovate, on weaker branches and shoot tops sometimes narrowly oblong-ovate to oblong, with acute to truncate apex; leaves of main stems ca (2.1-)2.4-3.5(-3.9) ϫ (1.1-)1.3-2.3(-2.6) mm and ca 1.4-1.9(-2.2) times as long as wide, those of weaker branches and shoot tops somewhat smaller and up to 2.4 times as long as wide, ventral margin flat or weakly recurved above leaf base, short to moderately decurrent as an acute strip, basal 2/3 of dorsal margin often recurved, short to long decurrent along dorsal midline of stem, decurrent strip in lower parts often small and acute. Leaves toothed, teeth restricted to apex, upper half of dorsal margin and upper 1/4-3/4 of ventral margin, occasionally complete ventral margin toothed, teeth triangular to elongate triangular, (1-)2-3(-4) cells wide at base and (1-)2-6(-8) cells long, with moderately elongate terminal cell, apical teeth usually larger, sometimes lobe-like and with up to 2 accessory teeth at base, teeth straight, occasionally curved, perpendicular to leaf margin or pointed forwards, occasionally pointed backwards, apical teeth pointing in various directions, ventral margin of stem leaves with (1-)3-10(-12) teeth, apex with (1-)2-4 teeth, dorsal margin with 0-3 teeth. Leaf areolation Ϯ regular, cells in upper leaf half isodiametric to moderately elongate, in center of upper leaf half (28-)30-45(-50) ϫ (18-)20-35(-40) m and 1.0-1.5(-1.7) times as long as wide, cells towards leaf base more elongate, (35-)40-80(-90) ϫ 25-40 m and 1.3-3.4 times as long as wide; walls thin except those along leaf margins, trigones (small to) medium sized to large, subnodulose to nodulose, often with rounded corners, subconfluent or confluent on long walls, especially towards leaf base, intermediate thickenings Ϯ frequent on long walls; cuticle smooth. Oil bodies colorless, (5-)7-11(-13) per median leaf cell, 6-10 ϫ 3-4 m, spheric to ellipsoidal, homogeneous or indistinctly coarse-segmented. Underleaves lacking or vestigial, minute, built by few short cilia or lanceolate. Asexual reproduction by specialized structures not observed. Male plants as large as female plants or somewhat smaller; androecia simple, becoming intercalary, bracts in 5-17 pairs, imbricate, overlapping dorsally, strongly inflated basally, margin of inflated part entire, with thin-walled, partly bulging marginal cells, distal part obliquely spreading, margin with 1-3 blunt to acute, triangular teeth, upper half of bracts composed of cells similar to those of leaves, towards base with partly weakly bulging cells containing somewhat less chlorophyll than those of leaves and bearing weaker trigones. Antheridia 1-2 per bract, on stalk ca 12-24 cells long, globose to broadly ellipsoid. Gynoecia terminal on main shoots and on branches, 1-2 subgynoecial innovations frequent, often again with perianths, bracts similar to leaves in shape but dorsally and ventrally hardly to moderately decurrent, dorsal margin strongly recurved, often somewhat more densely toothed; perianths elliptic in dorsal view, broadly cylindric in lateral view, 1.7-2.4 ϫ 1.5-1.9 mm and 1.0-1.3 times as long as wide, dorsal keel often with low, smooth arch, perianth mouth arched, with coarse, elongate triangular teeth.
PLAGIOCHILA RUTILANS
Sporophyte. Unknown. Phytochemistry. Lipophilic compounds.-Broadly similar to var. rutilans: several menthane monoterpenoids, principally pulegone; peculiaroxide and 2-methoxy-6-prenylhydroquinone present, but less abundant than is generally the case in var. rutilans (Heinrichs et al. 2001a; .
Ecology and distribution. Plagiochila rutilans var. moritziana is known from only a few localities in the northern and central Andes (southwards to Ecuador), and the West Indies. In Ecuador the species grows on trunks in a montane cloud forest at about 2,000 m. 
KEY TO THE VARIETIES OF P. RUTILANS

Leaves triangular, elongate-triangular, or triangular-ovate -----------------------------P. rutilans var. moritziana Leaves oblong --------------------------------------------------------------2
2. Herbarium specimens greenish brown or brownish after moistening, leaves dorsally hardly to moderately decurrent --------------------P. rutilans var. rutilans 2. Herbarium specimens blackish after moistening, leaves dorsally moderately to long decurrent Gametophyte. Plants without odor of peppermint (fresh material), medium to large in size, (2.5-)4-12(-16) cm long and (4.5-)5-7(-7.5) mm wide (flattened), with differentiation into creeping stoloniform shoots giving rise to prostrate or ascending leafy stems. Leafy stems dorsally and ventrally flattened, near base ca 480-600 ϫ 420-510 m, brown, in upper parts often pale brown, well visible between the leaves in dorsal view, ventrally moderately to completely covered by leaves, in transverse section ca 22-28 ϫ 23-30 cells across, the cortical cells in 4-6(-8) layers, very thick-walled, the outer layer sometimes moderately thick-walled only, ca 15-25 ϫ 10-20 m, medullary cells thin-walled to slightly thick-walled, 20-32(-40) ϫ 17-22(-35) m, trigones lacking or small, triangular. Branches lacking to moderate, of the lateral-intercalary type. Creeping stoloniform shoots often beset with short leaflets. Leaves of aerial shoots Ϯ moderately secund to ventral side or Ϯ wide spreading and directed transversally to stems, in dry condition weakly to distinctly inrolled, imbricate, on weaker shoots occasionally remote, with distinct ventral shoulder or ampliate, triangular, ovate-triangular or ovate with subtrunctate, acute or rounded, occasionally irregularly truncate apex, ca 2.6-3.6 ϫ 2.4-3.4 mm and 0.9-1.3 times as long as wide, ventral margin flat, hardly to moderately decurrent with narrow strip, dorsal margin moderately to strongly recurved, occasionally Ϯ flat, hardly to moderately decurrent along dorsal midline of stem. Leaves toothed, teeth often lacking on basal half of dorsal margin, mature leaves in all with (5-)16-44 teeth. Teeth of dorsal leaf margin forward pointed, others pointing in various directions, straight or curved, elongate-triangular, 1-5 cells wide at base and (1-)2-6(-8) cells long, apical cells elongate, blunt or acute. Leaf areolation Ϯ regular, cells in upper two-thirds of leaf shorter than wide to slightly elongate, cells in center of upper leaf half ca (24-)35-45(-50) ϫ (24-)29-37(-44) m and (0.8-)0.9-1.4(-1.6) times as long as wide, cells above leaf base moderately to strongly elongate, forming broad vitta, ca (40-)50-80(-92) ϫ 24-34 m and (1.2-)1.6-3.2(-3.7) times as long as wide; cell walls thin except those along leaf margins, trigones medium sized to large, at leaf base usually large, subnodulose or nodulose, especially towards leaf base, sometimes subconfluent or confluent, especially near leaf margins, forming weak, inconspicuous yellowish marginal border, intermediate thickenings often present on long walls of elongate cells; cuticle smooth. Oil bodies opaque, colorless, ca 7-16 per median leaf cell, 3-6 ϫ 5-9 m, spheric to ellipsoidal, homogeneous. Underleaves lacking or vestigial, small, variously ciliate or only short cilia present. Asexual reproduction by specialized structures not observed.
Male plants as large as female plants or somewhat smaller. Androecia simple, becoming intercalary; bracts in ca 7-18 pairs, imbricate, opposite bracts overlapping dorsally, strongly inflated basally, inflated part sometimes with some bulging, Ϯ thinwalled marginal cells, distal part obliquely spreading, with 2-7 elongate-triangular, straight or curved teeth, ventral base of bracts usually entire; bracts in upper half composed of cells similar to those of leaves, towards base composed of Ϯ hyaline, elongate, p.p. somewhat bulging cells with small, triangular to subnodulose trigones. Antheridia usually 2 per bract, on long stalk. Gynoecia terminal on main shoots and on branches, usually with 1-2 innovations (also under sporophytes), female bracts broadly suborbicular to asymmetrically ovate, 3.7-4.5 ϫ 4.1-4.7 mm (flattened) and 0.8-1.0 times as long as wide, dorsal margin usually strongly recurved, teeth present on complete margin except basal third of dorsal margin (occasionally few teeth present near dorsal leaf base), bracts in all with 35-47 elongate triangular to ciliate, straight or curved teeth pointing in various directions, teeth (1-)2-3(-5) cells wide at base and (1-)3-8(-12) cells long, occasionally forked once near base, areolation similar to that of leaves but vitta usually broader. Perianths broadly cylindric to elliptic in lateral view, cylindric in dorsal view, usually lengthening during development of sporophyte, lower 2/3-3/4 (1/2 after fertilization) usually covered by bracts, perianths ca 2.7-3.6 mm broad and 4.8-5.5 mm long, after fertilization up to 8 mm long, ca 1.5-2.4 times as long as wide, dorsal keel usually slightly longer than ventral one, wingless or basal half with low, 0-2 toothed wing, perianth mouth truncate or weakly arched upwards, densely beset with slender, elongate triangular to ciliate teeth, teeth 1-2(-4) cells wide at base and (3-)5-12(-14) cells long, larger ones occasionally forked once near base.
Sporophyte. Capsule moderately exserted, long elliptic in lateral view; valves straight, not twisted, brown, ca 3.1-3.4 ϫ 1.1-1.3 mm, ca 2.4-3.0 times as long as wide, epidermal cells in surface view mostly elongate, with few thickenings on most longitudinal and some transverse walls, thickenings large, nodulose to cone-like, often somewhat branched; hypodermal cells in all more elongate and with more thickenings, thickenings smaller than those of epidermal cells, nodulose; innermost cells moderately to strongly elongate and somewhat irregular, with small to medium sized nodulose thickenings both on longitudinal and transverse walls, thickenings discrete, occasionally fused at their base, especially towards margins of valve; valves in transverse section ca 80-95(-100) m thick, 7-10-stratose, epidermal cells larger than inner ones, ca 18-30 m thick, inner cells ca 5-12 m thick. Spores trilete, ca 21-34 m in diameter, globose to slightly elongate, 1(-2) cellular, sporoderm with Ϯ densely spaced bacula and pila. Elaters 1-2 spiral, ca 7-9 m in diameter, surface Ϯ smooth to moderately rough.
Phytochemistry. Lipophilic compounds.-4-hydroxy-3Ј-methoxybibenzyl most abundant by GC-MS, followed by ␤-phellandrene and anastreptene. Spathulenol present, but peculiaroxide and fusicoccadiene not detected.
Ecology and distribution. Plagiochila trichostoma occurs in the northern and central Andes and in mountainous areas of Central America at elevations between 2,000 and 3,700 m. The species is confined to humid, evergreen forests, e.g., Andean cloud forests and Central American oak forests, and to shrubby vegetation of the subparamo. Plagiochila trichostoma grows predominantly on soil, rock, rotten logs, and bases of trunks.
Representative specimens examined.-COLOMBIA. ANTIOQUIA. Alto del Boquerón, 25 km NE of Medellín, 2,800-3,000 m, 1986, Churchill et al. 14241 (GOET) Spec. Hep. 6: 187. 1921 , syn. fide Inoue (1976 and here confirmed. TYPE: ''Japonia '', Hawaiian Islands. Maui, Nahiku, 1909, Faurie 278 (holotype, G 001244 [ster.] ). ϭ Plagiochila rockii Steph., Spec. Hep. 6: 207. 1921, syn. fide Inoue (1976: 427 ϭ Plagiochila subtrinitensis Herzog, Hedwigia 72: 198. 1932, syn. nov Gametophyte. Plants without odor of peppermint (fresh material), medium to large in size, (3-)5-12(-20) cm long and 5-8 mm broad, olive green to brownish green, becoming brownish in herbarium, in diffuse patches, with differentiation into short creeping stoloniform shoots giving rise to prostrate or ascending leafy stems.
Stems brown, near base ca 550-650 ϫ 370-430 m, dorsally widely exposed, ventrally widely exposed to completely covered by leaves, in transverse section ca 26-35 ϫ 21-30 cells across, cortical cells in (3-)4-6(-7) layers, distinctly thickwalled, ca 14-25 ϫ 10-25 m, medullary cells thin-walled to slightly thick-walled, in transition zone to cortex sometimes moderately thick-walled, ca (16-)20-28(-30) ϫ (18-)22-35(-41) m, trigones small, triangular or lacking. Branches lacking to moderate, predominantly lateral-intercalary, occasionally terminal, of Frullania-type. Creeping stoloniform shoots partly beset with short leaflets, leaves of aerial shoots wide spreading or weakly bent to ventral side to horizontally directed, occasionally bent transversely to stems, in dry condition not or weakly inrolled, moderately imbricate to remote, occasionally densely imbricate, at least on main shoots and stronger branches with distinct ventral shoulder or ampliate, triangular, elongatetriangular, triangularly ovate or ovate oblong, on weaker branches and shoot tops sometimes narrowly ovate oblong to oblong, with acute to truncate apex; leaves of main stems ca (2.5-)2.8-3.8(-4.3) ϫ 2.1-2.9(-3.2) mm and ca 1.1-1.7 times as long as wide, those of weaker branches and shoot tops somewhat smaller and up to 2.2 times as long as wide, ventral margin flat or recurved above leaf base, moderately to very long decurrent as acute strip, dorsal margin often recurved on whole length, (moderately to very) long decurrent along dorsal midline of stem, decurrent strip in lower parts very small and acute, often reaching dorsal base of opposite leaf or dorsal bases partly decurrent along each other. Leaves toothed, teeth restricted to apex, upper half of dorsal margin and upper 3/4 of ventral margin, occasionally complete ventral margin toothed, teeth triangular to elongate triangular, (1-)2-4(-6) cells wide at base and (1-)3-6(-10) cells long, with moderately elongate terminal cell, apical teeth often larger, sometimes lobe-like, teeth Ϯ straight, rightly perpendicular to leaf margin or forward pointed, occasionally pointed backwards, apical teeth pointing in various directions, ventral margin of stem leaves with 4-21(-25) teeth, apex with 2-5(-7) teeth and dorsal margin with 0-4(-7) teeth. Leaf areolation regular to irregular, cells in upper leaf half slightly elongate with scattered distinctly elongate cells and cells isodiametric to shorter than long, cells from center of upper leaf half (28-)30-55(-68) ϫ (22-)25-38(-42) m and (0.9-)1.1-1.5(-2.2) times as long as wide, cells towards leaf base in all more elongate, building short and inconspicuous vitta above leaf base with cells (45-)50-92(-105) ϫ 22-38 m and 1.4-4.1 times as long as wide; cell walls thin except those along leaf margins, trigones (Ϯ lacking to) medium sized to large, subnodulose to nodulose, with rounded corners, often confluent, intermediate thickenings Ϯ frequent, especially on long walls; cuticle smooth. Oil bodies opaque, colorless, (5-)7-11(-13) per median leaf cell, 4-6 ϫ 5-9 m, spheric to ellipsoidal, homogeneous or weakly and coarsely botryoidal. Underleaves lacking or vestigial, built by few short cilia. Asexual reproduction by specialized structures not observed. Male plants as large as female plants, androecia becoming intercalary, bracts in 5-17 pairs, imbricate, overlapping dorsally, strongly inflated basally, margin of inflated part with 0-2(-3) triangular, blunt teeth, distal part obliquely spreading, margin with 1-4 blunt to acute, triangular teeth to sinuate, bracts composed of cells similar to those of leaves, trigones well-developed in all cells. Antheridia 1-3 per bract, on stalk ca 14-20 cells long, globose to broadly ellipsoid. Gynoecia terminal on main shoots and on branches, 1(-2) subgynoecial innovations frequent (even below sporophytes), bracts similar to leaves in shape but dorsally and ventrally hardly to moderately decurrent and sometimes slightly longer, often inserted some distance from perianth; perianth Ϯ cylindric to elliptic in dorsal view, elliptic to nearly round in lateral view, 2.7-4.1 ϫ 1.7-2.6 mm and 1.1-1.6 times as long as wide, dorsal keel often with low, smooth arch; perianth mouth truncate to arched, densely beset with ciliate to elongate triangular teeth.
Sporophyte. Capsules short-exserted, subglobose; valves ca 1.4-1.7 mm long and 0.7-0.9 mm broad, not twisted, epidermal cells in surface view broader than long to slightly elongate, walls thick, with 1-2(-3) large, nodulose, occasionally forked, brown thickenings on most long and many short walls, hypodermal cells in surface view more elongate, with small brown thickenings on many walls, basal innermost cells mostly distinctly elongate, median and apical innermost cells shorter, mixed with transversely directed cells, in Ϯ irregular pattern, short walls with few, long walls with many nodulose to cone-like thickenings sometimes confluent at their base and partly coalesced; valves in transverse section ca 65-75 m in diameter, 5-6-stratose with thickenings in all layers, epidermal cells thicker than inner cells, ca 22-30 m thick. Spores 1-celled, trilete, globose, ca 18-26 in diameter, verrucate to baculate. Elaters smooth, bispiral ca 10-15 m thick, rarely branched, bispiral, spirals terminating some distance from end of elater on one side or on both sides.
waiian gatherings examined, only one specimen (Fagerlind & Skottsberg 7012) proved not to be sterile, bearing a single male plant.
CONCLUDING REMARKS
Traditional concepts (e.g., Carl 1931; Stephani 1902 Stephani -1905 usually restrict ranges of Plagiochila species to one continent/floristic region. Evidence for disjunct ranges of several Plagiochila species was presented recently (e.g., Heinrichs et al. 2000a; Inoue 1980; Rycroft et al. 2001) . For the first time a disjunct range of an assumed Hawaiian endemic (Inoue 1976) , P. deflexa, has been detected, being widespread in Central America and the West Indies. This finding leads to a possible occurrence of sect. Rutilantes in Asia. The Southeast Asian P. propinqua Sande Lac. (Inoue 1984) in particular resembles members of sect. Rutilantes in sporophytic features, and perianth shape. Molecular data are not yet available for this species.
The results of the molecular investigation of nrDNA ITS sequences of 17 taxa of Plagiochila are in accord with morphological and phytochemical investigations. Thus, ITS-sequencing provides a useful molecular tool for the analysis of this difficult hepatic genus. Our findings demonstrate the need of a broad molecular study to illuminate further the phylogenetic relationships within Plagiochila.
